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ABSTRACT

The morphology and partial morphogenesis of two freshwater hypotrichous cil-

iates, Deviata brasiliensis Siqueira-Castro et al., 2009 and Deviata rositae

K€uppers et al., 2007, isolated from southern China, were investigated using

live observation and protargol staining. Our populations resemble the original

ones in terms of their live characters and ciliary patterns. The main deter-

minable morphogenetic features of D. brasiliensis basically correspond with

those of the type population. However, the origin of anlage V for either proter

or opisthe is ambiguous: whether anlage V for the proter originates from par-

ental frontoventral row 2 (the same as in the original population) or parental

frontoventral row 3 (the same as in Deviata abbrevescens) or even de novo

is not clear; the anlage V for the opisthe is possibly derived from frontoventral

row 3 and further migrates to frontoventral row 2, like that in D. ab-

brevescens. In addition, the SSU rRNA gene was first sequenced for both

species. Molecular phylogenetic analyses suggest that the genus Deviata is

non-monophyletic and has a close relationship with Perisincirra paucicirrata.

FOR a long time, a high degree of morphological variation

and adaptation and diverse morphogenetic characteristics

has brought great challenges to the taxonomy of hypotric-

hous ciliates. However, many new inventories have been

achieved from some under-sampled or insufficiently inves-

tigated biotopes in the last decade (e.g., Chen et al.

2015a; Fan et al. 2014a,b; Foissner and Stoeck 2008;

Foissner et al. 2010; Gupta et al. 2006; Heber et al. 2014;

Hu and Kusuoka 2015; Jung et al. 2014, 2015; Kim et al.

2014; Kumar et al. 2014, 2015; K€uppers 2014; Lu et al.

2014; Luo et al. 2015; Paiva and Silva-Neto 2009; Singh

and Kamra 2015). Moreover, some recent phylogenetic

analyses have led to a better understanding of systemat-

ics and evolutionary relationships (e.g., Bourland 2015;

Chen et al. 2014, 2015b; Fan et al. 2015; Huang et al.

2014; Lv et al. 2015; Spakova et al. 2014; Wang et al.

2015; Yi and Song 2011; Zhao et al. 2015). Among these

works, only a few concern stichotrich hypotrichs (Bourland

2015; Chen et al. 2015a; Foissner et al. 2014; Jung et al.

2014; Shao et al. 2014a,b, 2015; Spakova et al. 2014).

The genus Deviata was established by Eigner (1995). So

far, nine species have been assigned to the genus (Berger

2011; Li et al. 2014): Deviata abbrevescens Eigner, 1995;

Deviata bacilliformis (Gelei, 1954) Eigner, 1995; Deviata

quadrinucleata (Dragesco 2003) Berger, 2011; Deviata

brasiliensis Siqueira-Castro et al., 2009; Deviata spiros-

toma (Alekperov, 1988) Berger, 2011; Deviata polycirrata

K€uppers and Claps, 2010; Deviata rositae K€uppers et al.,

2007; Deviata estevesi Paiva and Silva-Neto, 2005; Deviata

parabacilliformis Li et al., 2014. Among them, only

D. bacilliformis was redescribed (Berger 2011). The SSU

rRNA gene sequence data are available only for two spe-

cies: D. bacilliformis and D. parabacilliformis, and not ana-

lyzed for the type species. Therefore, the phylogenetic

position of the genus is basically not resolved (Li et al.

2014).

In this article, we describe the morphology and morpho-

genesis of two species of Deviata: D. brasiliensis and

D. rositae, for both of which this is the first record for

China. We also first sequenced SSU rRNA gene
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sequences of both species and made phylogenetic

analyses.

MATERIALS AND METHODS

Morphological and morphogenetic studies

Samples were collected on 13 March 2013 (for

D. brasiliensis and D. rositae) and 24 October 2013 (for

D. brasiliensis) from Huguangyan Maar Lake (21°090N;
110°170E) in Guangdong Province, China. Raw cultures of

all isolates were maintained in Petri dishes at about 25 °C
water temperature, using habitat water with rice grains to

enrich the growth of bacterial food for the ciliates. Living

cells were observed in vivo using bright field and differen-

tial interference contrast microscopy and photographed

using a digital camera. Protargol impregnation following

the method of Wilbert (1975) was applied to reveal the

infraciliature and nuclear apparatus. In vivo measurements

were conducted at a magnification of 40–1,000X. Counts
and measurements on stained specimens were performed

at a magnification of 1,000X. Drawings of stained speci-

mens were performed at a magnification of 1,000–1,500X
with the help of a camera lucida and photomicrographs.

To illustrate the changes occurring during morphogenesis,

old (parental) ciliary structures are shown in outline,

whereas new ones are shaded black. Terminology is

according to Berger (2011).

DNA extraction, PCR amplification, and sequencing

Cells of D. brasiliensis and D. rositae were isolated and

washed three times using distilled water to remove poten-

tial contamination. These cells were then transferred to a

1.5 ml microfuge tube with a minimum volume of water.

Extraction of genomic DNA was performed using a

DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany), fol-

lowing the manufacturer’s instructions. PCR amplification

of the SSU rRNA gene was performed using primers18s-F

(50-AACCTGGTTGATCCTGCCAGT-30) and 18s-R (50-
TGATCCTTCTGCAGGTTCACC TAC-30) (Medlin et al. 1988).

Phylogenetic analyses

The SSU rRNA gene sequences of D. brasiliensis and

D. rositae were aligned with the sequences of 53 other

hypotrichid taxa obtained from the GenBank database,

with the strombidiids including Novistrombidium orientale,

Novistrombidium sinicum, Strombidinopsis jeokjo, Strom-

bidinopsis acuminata, and Strombidium apolatum as the

outgroup taxa, using MUSCLE, which was implemented

on the website http://www.ebi.ac.uk/Tools/msa/muscle/

(Edgar 2004). The accession numbers are provided after

the species names in the phylogenetic tree (Fig. 7). The

resulting alignment was manually edited using the pro-

gram Bioedit 7.2.5 (Hall 1999), and both ends of the align-

ment were trimmed. The final alignment used for

phylogenetic analyses included 1,756 positions and 60

taxa. Maximum likelihood (ML) analysis, with 1,000

bootstrap replicates, was carried out using RAxML-HPC2

on XSEDE v 8.1.24 (Stamatakis 2014) on the CIPRES

Science Gateway with GTRGAMMA model (Miller et al.

2010). Bayesian inference (BI) analysis was performed

using MrBayes 3.2.6 on XSEDE (Ronquist and Huelsen-

beck 2003) on the CIPRES Science Gateway with the

best-fit model GTR + I + G, which was selected by

MrModeltest v2 (Nylander 2004). Markov chain Monte

Carlo (MCMC) simulations were run for 10,000,000 gener-

ations with a sampling frequency of 100 and a burn-in of

25,000 trees. The remaining trees were used to calculate

the posterior probabilities (PP) with a majority rule consen-

sus. Tree topologies were visualized using Seeview v4.3.3

(Gouy et al. 2010) and MEGA 6.0 (Tamura et al. 2007).

The systematic classification follows Lynn (2008) and Adl

et al. (2012).

RESULTS

Chinese population of Deviata brasiliensis Siqueira-
Castro et al., 2009

Remarks
The description is based on two populations (population I:

LXT2013102406; population II: FYB2013031302) from the

same sample site, and they agree in living morphology

and infraciliature, especially dorsal kinety 2, which was

conspicuously shortened posteriorly and composed of

widely spaced bristles.

Morphological description
Cell size in vivo stable in population I, ranging within about

110–140 9 30–35 lm, while highly variable in population

II: about 100–230 9 20–40 lm; body length to width ratio

about 3–4:1 in population I, about 4–6:1 in population II.

Body flexible, elongate, and elliptical, with both ends

slightly narrowed and rounded, left and right margins more

or less convex (Fig. 1A,F,G,K–O). Body almost circular in

cross-section. Anterior end with conspicuous thin collar

accompanied by ridges-tooth-like structures, cilia of apical

membranelles emerging between these structures on dor-

sal side. Buccal field narrow and inconspicuous: about 20–
25% of body length in population I and 15–20% of body

length in population II. Cortical granules lacking. Colorless

cytoplasm filled with numerous granular inclusions (ap-

proximately 1–5 lm), rendering cells opaque at low magni-

fication in vivo (Fig. 1F–O). Contractile vacuole about 10–
12 lm across, without collecting canals, located close to

left body margin at about 50% of body (Fig. 1A,F,H), or

slightly behind mid-body (Fig. 1K,L,N). Locomotion by

moderately rapid swimming with various postures, swim-

ming straight forward or rotating about main body axis,

sometimes slowly crawling over debris with body slightly

twisted.

Cells easily encyst in the absence of food in population

II. Cysts usually globular and about 50 lm in diameter;

cortex thin and indistinct (Fig. 1J).

Cilia of apical membranelles 10–12 lm long in vivo. All

ventral cirri fine and inconspicuous in vivo, about 8 lm
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long, except for the stronger frontal cirri, about 10–12 lm
long. Most frontoventral and marginal cirri composed of

two basal bodies each, except for several anterior ones

composed of four basal bodies.

Infraciliature as shown in Figs. 1B–E, 2I–Q for popula-

tion I and Fig. 2A–H for population II. Adoral zone of mem-

branelles of both populations roughly in Gonostomum

pattern (Figs. 1B,D, 2A), composed of 19–22 and 21–24
membranelles of ordinary fine-structure respectively

(Table 1). Endoral membrane and paroral membrane

almost straight to slightly curved, optically parallel to each

other; the former long, generally multiple-rowed, the latter

about half of the former in length, single-rowed, and ante-

riorly positioned. Three, rarely four (one out of 21

specimens investigated in population I and II, Figs. 1D,

2H), slightly enlarged frontal cirri immediately behind distal

portion of adoral zone, arranged almost in a transverse

pseudorow. Constantly one buccal cirrus right of anterior

end of paroral membrane. Usually one, rarely two parabuc-

cal cirri behind rightmost frontal cirrus, with the posterior

one much smaller than the anterior one in population I

(Figs. 1B, 2I), usually two, rarely one parabuccal cirri

behind rightmost frontal cirrus in population II (Fig. 2A).

One cell observed with four frontal cirri, one parabuccal

cirrus, and two frontoventral cirri in population I (Fig. 1D).

Usually three long frontoventral rows: frontoventral row 1

commencing slightly behind right of the parabuccal cirrus

and terminating at about 60% of body length in population I,

Figure 1 Deviata brasiliensis from life (A, F–O) and after protargol impregnation (B–E). A–I from population I, J–O from population II. (A) Ventral

view of a representative individual. (B–E) Ventral (B, D) and dorsal (C, E) view, showing infraciliature and nuclear apparatus, arrowhead in B and D

marks buccal cirrus, arrowheads in C and E indicate micronuclei. (F, G) Ventral views to show different body shapes, arrowhead shows contractile

vacuole. (H) Ventral view of a heavily squeezed cell, showing contractile vacuole (arrowhead). (I) Cytoplasmic granules. (J) Resting cyst.

(K–O) Ventral views, to show different body shapes, arrowhead shows contractile vacuole. AZM, adoral zone of membranelles; CV, contractile

vacuole; DK1, 2, dorsal kinety 1, 2; EM, endoral membrane; FC, frontal cirri; FVC, frontoventral cirri; FVR1–4, frontoventral row 1–4; Ma,

macronuclear segments; PBC, parabuccal cirri; PM, paroral membrane; RMR, right marginal row; 1–4, left marginal row 1–4. Scale bars = 50 lm

(A–E, F–H), 100 lm (K–O).
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Table 1. Morphometric data of Deviata brasiliensis (brI, population I; brII, population II) and Deviata rositae (ros) from Guangdong, China

Charactera Species Min Max Med Mean SD CV n

Body, length brI 90 129 104.0 105.1 9.9 9.5 21

brII 113 230 188.0 182.0 30.2 16.0 20

ros 140 267 235.0 220.5 37.9 17.2 17

Body, width brI 30 55 38.0 39.1 6.2 15.8 21

brII 40 84 59.5 59.1 11.0 18.4 20

ros 23 60 34.0 36.3 10.4 28.6 17

Adoral zone, length brI 22 27 25.0 24.3 1.6 6.7 21

brII 28 43 33.5 34.0 3.4 10.0 21

ros 18 34 30.0 28.6 4.2 14.7 17

Adoral membranelles, number brI 19 22 21.0 21.0 0.8 4.0 21

brII 21 24 22.0 22.0 0.9 4.0 20

ros 16 21 18.0 19.0 1.3 6.6 17

Frontal cirri, number brI 3 4 3.0 3.0 0.2 7.2 21

brII 3 4 3.0 3.0 0.2 7.2 20

ros 3 3 3.0 3.0 0.0 0.0 17

Buccal cirrus, number brI 1 1 1.0 1.0 0.0 0.0 21

brII 1 1 1.0 1.0 0.0 0.0 20

ros 1 1 1.0 1.0 0.0 0.0 17

Parabuccal cirri, number brI 1 2 1.0 1.3 0.5 36.0 21

brII 1 2 2.0 1.8 0.4 20.5 20

ros 1 2 2.0 1.6 0.5 30.8 17

Frontoventral cirri, number brI 2 2 2.0 2.0 0.0 0.0 17

Frontoventral rows, number brI 3 4 3.0 3.1 0.3 9.7 21

brII 3 3 3.0 3.0 0.0 0.0 20

ros 2 2 2.0 2.0 0.0 0.0 16

Frontoventral row 1, length brI 50 76 61.0 60.9 7.7 12.6 21

brII 89 167 126.0 124.5 20.8 16.5 20

ros 83 202 150.0 146.9 34.5 23.5 16

Cirri in FVR 1, number brI 10 21 16.0 15.6 2.3 14.5 21

brII 13 27 21.5 21.1 3.7 17.3 20

ros 23 37 27.0 27.5 3.8 13.9 16

Frontoventral row 2, length brI 69 107 84.0 83.4 9.8 11.7 21

brII 112 206 155.5 151.9 23.5 15.1 20

ros 126 256 211.5 201.0 40.0 19.8 16

Cirri in FVR 2, number brI 15 28 24.0 23.5 2.8 12.0 21

brII 22 33 28.0 27.3 2.9 10.5 20

ros 35 57 43.0 44.1 5.1 11.7 16

Frontoventral row 3, length brI 50 125 98.0 94.3 16.8 17.8 21

brII 127 220 173.0 171.5 24.7 14.3 20

Cirri in FVR 3, number brI 21 38 31.0 30.8 3.8 12.5 21

brII 29 49 37.0 37.2 4.6 12.3 20

Frontoventral row 4, length brI 110 110 110.0 110.0 0.0 0.0 2

Cirri in FVR 4, number brI 29 43 36.0 36.0 9.8 27.5 2

Left marginal rows, number brI 1 5 3.0 3.0 0.9 30.1 21

brII 2 4 3.0 2.9 2.9 10.5 20

ros 2 3 3.0 2.7 0.5 17.8 16

Cirri in LMR 1, number brI 16 31 25.0 23.5 4.1 17.6 21

brII 20 39 30.5 29.2 5.0 16.4 20

ros 26 48 32.0 34.5 6.0 17.5 16

Cirri in LMR 2, number brI 18 33 24.0 24.9 4.4 17.6 19

brII 21 43 33.5 32.3 6.8 20.2 20

ros 25 45 34.0 34.6 5.8 16.6 16

Cirri in LMR 3, number brI 19 36 27.0 27.3 4.0 14.6 15

brII 20 46 27.0 30.8 8.2 30.4 13

ros 34 35 34.5 34.5 0.7 2.6 11

(continued)
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and terminating at about two-thirds of body length on

average in population II, some even terminating at about

85% of body length; frontoventral row 2 beginning at level

of second or third cirrus of frontoventral row 1 and ending

a little subterminally than frontoventral row 3 and right

marginal row; frontoventral row 3 beginning almost at

level of distal end of adoral zone and terminating near rear

body end (Figs. 1B, 2A,N). Four long frontoventral rows

observed in two of 21 specimens investigated in popula-

tion I (Figs. 1D, 2M). Invariably, only one right marginal

row beginning on dorsal side close to anterior end of cell,

extending ventrally to the rear body end (Figs. 1B–E, 2A,B).
On average three, rarely, two or four, even one or five

(only one cell, Fig. 2Q) left marginal rows, becoming

longer anteriorly from inside to outside with the inner one

starting at the buccal vertex level (Table 1; Figs. 1B–E, 2A,
B,Q).

Dorsal cilia about 3–4 lm long in vivo, arranged in two

kineties: in both populations kinety 1 almost bipolar, with

15–20 and 18–28 equally spaced dikinetids, respectively;

kinety 2 anteriorly and posteriorly shortened, with only

5–7 and 4–8 widely spaced dikinetids respectively

(Figs. 1C,E, 2B,D,P).

Macronucleus situated left of midline, usually with four

segments of variable shape, roughly ellipsoidal, ovoid, fusi-

form, or dumbbell-shaped (Figs. 1C,E, 2J–L,O); number of

segments also unstable, ranging from one to five with

variable length to width ratio (3–7:1, Fig. 2J–M). In popula-

tion II some specimens with two slender segments

(length to width ratio about 5–7:1 in protargol preparations,

Fig. 2B,C), some with three to five segments (length to

width ratio about 3:1 in protargol preparations, Fig. 2F,G),

one specimen observed with only one segment

(Fig. 2E).One to six, on average two, spherical micronuclei

(2–3 lm in diameter) closely associated with macronuclear

segments (Figs. 1C,E, 2J,L,O).

Notes on morphogenesis
Several well-impregnated dividers of different stages were

found in the preparations of each population (Figs. 3C,D,

G,H, 4A,B,K,M, from population I; Figs. 3A,B,E,F, 4C–J,L,
from population II).

Stomatogenesis commences with the formation of the

oral primordium in the opisthe, which occurs within the

parental frontoventral row 1 as groups of closely spaced

basal bodies (Figs. 3A, 4I). It seems that the parental

Table 1. (continued)

Charactera Species Min Max Med Mean SD CV n

Cirri in LMR 4, number brI 24 39 29.0 29.8 5.6 18.9 5

brII 24 29 27.0 26.6 1.8 6.6 5

Cirri in LMR 5, number brI 24 24 24.0 24.0 0.0 0.0 1

Cirri in RMR, number brI 30 43 34.0 35.0 3.8 11.0 21

brII 31 58 42.0 42.3 7.0 16.6 20

ros 40 67 44.0 48.3 9.0 18.6 16

Dorsal kineties, number brI 2 2 2.0 2.0 0.0 0.0 20

brII 2 2 2.0 2.0 0.0 0.0 20

ros 2 2 2.0 2.0 0.0 0.0 11

Dikinetids in DK 1, number brI 15 20 17.0 17.0 0.3 7.5 20

brII 18 28 21.0 21.4 2.5 11.0 20

ros 15 25 20.0 19.8 3.1 15.8 11

Dikinetids in DK 2, number brI 5 7 6.0 6.0 0.7 11.5 20

brII 4 8 6.0 6.1 1.1 18.3 20

ros 2 3 3.0 2.6 0.5 19.1 11

Macronuclear segments, number brI 1 5 4.0 3.5 0.9 26.8 43

brII 1 5 3.0 3.0 1.0 33.3 23

ros 4 8 6.0 5.9 1.3 22.6 17

Macronuclear segment, lengthb brI 10 54 13.0 15.3 9.0 59.0 21

brII 14 71 26.5 31.8 14.2 53.5 20

ros 12 33 20.0 20.8 5.6 26.8 17

Macronuclear segment, widthb brI 5 9 6.0 6.4 1.1 16.8 21

brII 4 14 7.5 8.1 3.1 41.7 20

ros 3 7 4.0 4.5 0.9 20.8 17

Micronuclei, number brI 1 6 2.0 2.3 1.0 44.1 21

brII — — — — — — —

ros 1 3 2.0 2.0 0.4 18.9 21

Micronucleus, length brI 2 3 2.0 2.1 0.4 16.5 42

CV, coefficient of variation in %; DK, dorsal kinety; FVR, frontoventral row; LMR, left marginal row; Max, maximum; Mean, arithmetic mean;

Med, median value; Min, minimum; n, number of specimens examined; RMR, right marginal row; SD, standard deviation.
aAll data are based on protargol-impregnated specimens.
bLength and width of the anterior-most macronuclear segment. Measurements in lm.
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structures contribute to the primordial formation. Subse-

quently, with the proliferation of basal bodies, the oral pri-

mordium lengthens and differentiates into new adoral

membranelles in the right anterior portion (Figs. 3B–D,
4J). Then, a long primary anlage VI forms in the middle

portion of the parental frontoventral row 3 (Figs. 3D, 4J).

In an early-middle divider (Fig. 3E,F), anlagen I and II of

the opisthe are generated from the oral primordium.

Whether anlage III forms from the parental frontoventral

row 1 or the oral primordium cannot be determined. The

primary anlage VI splits and forms anlage VI for both pro-

ter and opisthe. Meanwhile, the parental buccal cirrus

Figure 2 Deviata brasiliensis after protargol impregnation (A–Q) of population II (A–H) and I (I–Q). (A–D) Ventral (A, C) and dorsal (B, D) view of a

representative specimen, showing infraciliature and nuclear apparatus, arrowhead in A marks the pharyngeal fibers, arrowheads in B and D indi-

cate the widely spaced dikinetids of dorsal kinety 2, arrows show macronuclear segments. (E–G) Ventral views, showing variation of macronu-

clear segments (arrows). (H) Ventral view of anterior portion of a specimen with four frontal cirri, arrowhead marks buccal cirrus. (I) Ventral view

of anterior portion of a specimen with two parabuccal cirri, arrowhead marks buccal cirrus. (J–L) Ventral views, showing different numbers and

shapes of macronuclear segments (arrows) and micronuclei (arrowheads). (M) Ventral view of a specimen with four frontoventral rows and one

elongate macronuclear segment. (N–P) Ventral (N, O) and dorsal (P) view of the same specimen as in Fig. 1B,C, arrows indicate macronuclear

segments, arrowheads in O mark micronuclei, while in P indicate the widely spaced dikinetids of dorsal kinety 2. (Q) Ventral view of a specimen

with five left marginal rows. AZM, adoral zone of membranelles; BC, buccal cirrus; DK1, 2, dorsal kinety 1, 2; EM, endoral membrane; FC, frontal

cirri; FVR1–4, frontoventral row 1–4; Ma, macronuclear segments; PBC, parabuccal cirri; PM, paroral membrane; RMR, right marginal row; 1–5,

left marginal row 1–5. Scale bars = 100 lm (A–D), 60 lm (E–G), 40 lm (M–Q).
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begins to dedifferentiate. Separate kinetids anlagen occur

next to parental dikinetids on the dorsal side (arrowheads

in Fig. 3F).

Then, in a middle divider (Figs. 3G,H, 4M), in the

opisthe, anlage IV originates from the parental frontoven-

tral row 2, while anlage V appears beside the parental

frontoventral row 2 in the opisthe; whether it develops de

novo or from frontoventral row 2 or from frontoventral

row 3 and further extends to frontoventral row 2 is uncer-

tain. At the same time, marginal cirri anlagen for the opis-

the are formed within parental marginal rows. Meanwhile,

in the proter, parental paroral membrane, buccal cirrus and

parabuccal cirrus contribute to the construction of anlage

I, II, and III, respectively; the parental endoral membrane

disappear; anlage IV begins from the dedifferentiation of

the anterior-most cirrus of parental frontoventral row 1;

and anlage VI extends to the right of parental frontoventral

row 3. On the dorsal side, two separate dorsal kinety anla-

gen occur within each parental kinety.

At the middle-late stage (Fig. 4A–D,G,H,K), the parental

endoral membrane is resorbed entirely, and all adoral

membranelles of the opisthe are formed. Anlage I forms

the left frontal cirrus at its anterior end, and the posterior

portion splits longitudinally into paroral and endoral mem-

branes in both proter and opisthe; anlage II develops into

the middle frontal cirrus and buccal cirrus; anlage III gener-

ates the right frontal cirrus and parabuccal cirrus/cirri.

Anlage V for proter appears, the origin of which is ambigu-

ous. Because we were not able to identify the relevant

stage, we could not deduce whether anlage V in the pro-

ter develops de novo or from parental frontoventral row 2

or 3. Anlage IV for proter further extends posteriorly.

Meanwhile, marginal cirri anlagen for proter are generated

within the anterior portion of parental marginal rows. Dor-

sal kinety l anlagen lengthen and form new dikinetids in

both proter and opisthe.

Finally, in a late divider (Fig. 4E,F,L), the newly built cirri

and dorsal kineties move to their proper position. All par-

ental cirri are resorbed completely at this time, except for

the parental adoral zone of membranelles kept by the pro-

ter. No caudal cirri are formed.

Division of the nuclear apparatus proceeds in the usual

way: macronuclear segments completely fuse into a single

mass at the middle stage, and then, in the late stage, split

into segments for both the proter and opisthe (Figs. 3A–
D,F,H, 4B,D,F). Replication bands are present in each seg-

ment (Figs. 3A–D,F, 4I).

Deposition of voucher slides
Four voucher slides from population I (registration no.

LXT2013102406/1–4) and two voucher slides from popula-

tion II (registration no. FYB2013031302/1–2) have been

deposited in the Laboratory of Protozoology, Ocean

University of China, Qingdao, China.

Ecology
Water temperature was 25 and 27 °C and pH was 8.2.

Chinese population of Deviata rositae K€uppers et al.,
2007

Morphological description
Body in life about 200–300 9 15–25 lm; vermiform, very

slender with length to width ratio about 7–10:1 in vivo and

6:1 on average after fixation. Body almost round in cross-

section, anterior portion slightly dorsoventrally flattened.

Cell very flexible, but not contractile (Fig. 5A,J–O). Buccal

field narrow and inconspicuous, about 10% of body

length. Cortical granules not recognizable. Cytoplasm col-

orless, filled with lipid inclusions with variable size, approx-

imately 1–5 lm, rendering cells opaque except for the

transparent anterior portion of the cell (Fig. 5J–P). Contrac-
tile vacuole positioned close to left body margin in about

anterior one-third of body length, about 7 lm across

(Fig. 5A). Locomotion by slowly swimming in water, rotat-

ing about main body axis, sometimes slowly crawling over

debris with body obviously twisted.

Adoral zone of membranelles roughly in Gonosto-

mum-pattern, composed of 16–21 membranelles with

only three distal ones located at anterior end of the

cell (Fig. 5B). Paroral membrane and endoral mem-

brane almost straight, and parallel to each other; the

Figure 3 Morphogenesis of Deviata brasiliensis after protargol

impregnation (A, B, E, F from population II; C, D, G, H from popula-

tion I). (A–D) Ventral views of early dividers, showing replication band

of macronuclear segments (arrows), oral primordium of the opisthe,

and anlage VI, arrowheads in A mark the closely spaced basal bodies

of the oral primordium, while in C and D indicate micronuclei, double

arrowheads mark the new adoral membranelles. (E, F) Ventral (E) and

dorsal (F) view of an early-middle divider, showing anlagen I–III, VI,

and the dedifferentiation of parental buccal cirrus (arrowhead in E),

arrows in F indicate the old dikinetids, arrowheads in F mark the

newly formed kinetids (inset) within dorsal kinety 1. (G, H) Ventral (G)

and dorsal (H) view of a middle divider, arrows in G indicate the left

marginal rows anlagen for the opisthe, while in H mark the old dikine-

tids, arrowhead in G shows the old endoral membrane, while in H

indicates the micronucleus. DKA, dorsal kinety anlagen; OP, oral pri-

mordium of the opisthe; RMA, right marginal row anlage; I–VI, fron-

toventral anlagen I–VI. Scale bars = 40 lm.
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former, generally single-rowed, located ahead of the

latter, which is multiple-rowed and longer (Fig. 5F,G).

Pharyngeal fibers conspicuous in stained specimens,

ca. 40 lm long, extending obliquely backwards

(Fig. 5B). Constantly three slightly enlarged frontal cirri

arranged almost in a pseudorow; one buccal cirrus

located anterior of endoral membrane (Fig. 5F,G). One

or two parabuccal cirri distributed behind right frontal

cirrus (Fig. 5B). Invariably two long frontoventral rows:

row 1 commencing slightly behind right of parabuccal

cirri and terminating about two-thirds of body length;

row 2 beginning close to anterior end of cell and end-

ing just a little subterminally to the right marginal row

(Fig. 5B). One right marginal row beginning dorsolater-

ally and extending nearly to posterior end of the cell

on ventral side. Two or three left marginal rows, the

inner row commencing close to the rear end of the

adoral zone and terminating at the rear end of the

body; the middle and outer rows beginning a little

anterior to the inner row, usually extending onto dor-

solateral side posteriorly (Table 1). All cirri fine, most

frontoventral and marginal cirri composed of two

basal bodies each, except for a few in anterior por-

tion composed of four basal bodies.

Dorsal cilia about 3–4 lm long in vivo, arranged in two

kineties of different length: kinety 1 almost bipolar, with

dikinetids densely spaced anteriorly and widely spaced

posteriorly; kinety 2 (very likely dorsomarginal kinety) com-

posed of two or three dikinetids only (Fig. 5C,H,I).

Macronucleus moniliform, composed of 4–8 ellipsoidal

segments connected by a fine strand, located left of mid-

line (Fig. 5C,D). One to three, on average two, spherical

micronuclei (2–3 lm in diameter) closely associated with

macronuclear segments (Fig. 5D,E).

Notes on morphogenesis
Only one middle divider, which shows some details of

this part of the life cycle, was found in preparations

(Fig. 6A–D). Frontoventral anlagen I–VI, marginal anlagen,

and dorsal kinety anlagen for the proter and opisthe

were all formed. All the macronuclear segments com-

pletely fused into a single mass at this stage. Some

morphogenetic characters can be deduced as follows:

marginal rows develop in the ordinary manner, that is,

by intrakinetal proliferation within each row in both pro-

ter and opisthe; anlage for dorsal kinety 1 may occur

within parental dorsal kinety 1. The anlagen of dorsal

kinety 2 are closely located to the anlagen of the right

marginal row. Due to the lack of other division stages

in our preparations, we were not able to determine the

origins of the anlagen of dorsal kinety 2, or of the ado-

ral zone of membranelles in the proter. Likewise, the

exact origin of the frontoventral anlagen I–VI and of the

oral primordium remains unclear.

Deposition of voucher slides
Three voucher slides (registration no. FYB2013031303/1–
3) have been deposited in the Laboratory of Protozoology,

Ocean University of China, Qingdao, China.

Ecology
Water temperature was 27 °C and pH was 8.2.

SSU rRNA gene sequence and phylogenetic analyses

The SSU rRNA gene sequence of D. brasiliensis (popula-

tion I, GenBank accession number KP266620) is 1,695 bp

long and has a G+C content of 44.90 mol%, while that of

D. rositae (GenBank accession number KU525298) is

1,730 bp long and has a G+C content of 45.09 mol%.

Two populations of D. brasiliensis share 100.0% sequence

similarity. Sequence similarities between species of the

genus Deviata and Perisincirra are shown in Table 2.

The topologies of the BI and ML trees inferred from

SSU rRNA gene sequences were basically congruent with

variable support values; therefore, only the BI topology

(with nodal support from both methods) is shown (Fig. 7).

The phylogenetic analyses showed that four Deviata spe-

cies and Perisincirra paucicirrata cluster in a clade, in

which D. rositae and D. parabacilliformis cluster together

with relatively high support (0.99 BI, 86% ML). The latter

two species are sister to another group comprising

D. brasiliensis, D. bacilliformis, and P. paucicirrata.

DISCUSSION

Comparison of Chinese populations of Deviata
brasiliensis with type population and with congeners

Morphologically, our populations correspond well with the

population described by Siqueira-Castro et al. (2009), such

as the body shape, contractile vacuole, the variable num-

ber of macronuclear segments, especially the ciliary pat-

tern, and dorsal kinety 2 with widely spaced bristles. The

type population mainly differs from our populations as fol-

lows: the anterior cirri of the frontoventral row 1 were

misaligned (in about 60% of the specimens investigated

vs. none in our populations). Some interphase specimens

with misaligned cirri may be caused by the fragment of

anlage IV, which should not be considered as an inter-

specific difference. Some other minor differences lie in

the following aspects: the type population having a some-

what smaller body than population II (110 9 45 lm in vivo

and 62–160 9 28–64 lm after protargol impregnation vs.

100–230 9 20–40 lm in vivo and 113–230 9 40–84 lm
after protargol impregnation), but a similar body size with

population I (110–140 9 30–35 lm in vivo and 90–
129 9 30–55 lm after protargol impregnation); variable

number of adoral membranelles (18–31 vs. 19–22 in popu-

lation I and 21–24 in population II); more left marginal

rows (3–6 vs. 1–5 in population I and 2–4 in population II).

However, these variations can be considered as popula-

tion dependent because limnetic and terrestrial ciliates in

different habitats can have variable body sizes (Foissner

et al. 2002), and thus these populations are conspecific.

In terms of the similar ciliary pattern, especially dorsal

kinety 2 with widely spaced bristles, the type species

D. abbrevescens should be compared with our popula-

tions of D. brasiliensis. However, the former differs from
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Figure 4 Morphogenesis of Deviata brasiliensis after protargol impregnation (A, B, K, M from population I; C–J, L from population II). (A–D) Ven-

tral (A, C) and dorsal (B, D) views of middle-late dividers, arrowhead indicates micronucleus. (E, F) Ventral (E) and dorsal (F) view of a late divider,

showing nearly completion of cirral development. (G, H) Ventral views of middle-late dividers, showing 3 (E) and 4 (F) left marginal cirri anlagen

respectively. (I) Portion of an early divider, showing closely spaced basal bodies of the oral primordium (arrows) and replication band (double

arrowheads) of macronuclear segments. (J) Detail of an early stage, showing the newly formed adoral membranelles (arrowhead) and primary

frontoventral anlagen VI. (K) Dorsal view showing the newly formed dikinetids (arrowheads). (L) Ventral view of a late divider, the same specimen

as E. (M) Ventral view of a middle divider, the same as in Fig. 3G, arrowhead marks the old endoral membrane. DK1, 2, the newly formed dorsal

kinety 1, 2; Ma, macronuclear segments; OP, oral primordium of the opisthe; RMR, the newly formed right marginal row; IV–VI, frontoventral

anlagen IV–VI; 1–4, left marginal row anlage 1–4. Scale bars = 40 lm.
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Figure 5 Deviata rositae from life (A, J–P) and after protargol impregnation (B–I). (A) Ventral view of a representative individual. (B–D) Ventral (B,

D) and dorsal (C) view of a typical specimen, showing infraciliature and nuclear apparatus, arrowhead in B indicates buccal cirrus, arrowheads in C

and D mark micronuclei, arrow in B indicates the conspicuous pharyngeal fibers, arrows in C show the dikinetids of dorsal kinety 2. (E) Ventral

view of a specimen with six macronuclear segments and one micronucleus (arrowhead). (F, G) Ventral views of the anterior part, showing the

detail of the undulating membranes and the buccal cirrus (arrow), arrowhead indicates the micronucleus. (H, I). Detail showing dorsal kineties,

arrows mark the dikinetids of dorsal kinety 2, arrowheads indicate micronuclei. (J–O) Ventral views, to show different body shapes and flexibility

of cells. (P) Macronuclear segments (arrowheads) and cytoplasmic granules. AZM, adoral zone of membranelles; CV, contractile vacuole; DK1, 2,

dorsal kinety 1, 2; EM, endoral membrane; FC, frontal cirri; FVR1, 2, frontoventral cirri row 1, 2; Ma, macronuclear segments; PBC, parabuccal

cirri; PM, paroral membrane; RMR, right marginal row; 1–3, left marginal row 1–3. Scale bars = 100 lm.
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our populations in having more parabuccal cirri (2–9, 4 on

average, vs. 1–2, 1.3 on average, in population I; 1–2, 1.8
on average, in population II), two long rod-shaped

macronuclear segments (vs. 1–5, 3.5 or 3 segments on

average, with variable shapes for population I and II), and

a higher number of basal bodies forming most of the

somatic cirri (4 vs. 2) (Eigner 1995).

The main morphogenetic features of our populations

correspond well with those of the type population: (i) six

frontoventral anlagen are present; (ii) in the opisthe, the

oral primordium, anlagen I and II (maybe including anlage

III) are derived from the same anlage, which originated

from parental frontoventral row 1, and anlage IV is gener-

ated from parental frontoventral row 2; (iii) in the proter,

anlage I, II, and III originate from the parental paroral, the

buccal cirrus, and the parabuccal cirrus/cirri, respectively,

and anlage IV is formed from parental frontoventral row 1

and further extends to frontoventral row 2; (iv) the long

primary anlage VI splits and forms anlage VI for the proter

and opisthe; (v) the left and right marginal rows and the

dorsal kineties develop intrakinetally; (vi) no parental cirral

rows are retained after division, except for the parental

adoral zone of membranelles kept by the proter; and (vii)

and all macronuclear nodules fuse into a single mass and

then divide (Siqueira-Castro et al. 2009).

However, the origin of anlage V for either the proter or

opisthe is ambiguous in Chinese populations. Whether

anlage V for the proter originates from parental frontoven-

tral row 2 (as in the original population of D. brasiliensis)

or parental frontoventral row 3 (as in D. abbrevescens) or

even de novo is not clear. The origin of anlage V for the

opisthe is not unambiguously determined for the original

population just as our populations. It is more likely that

the anlage V for the opisthe originates from frontoventral

row 3 and further deviates to frontoventral row 2, which

is the same as that in D. abbrevescens. The origin of

anlage IV is of the D. abbrevescens type (originating in

parental frontoventral row 1 and further extending into par-

ental frontoventral row 2), which may also be the same as

the original population of D. brasiliensis (the only men-

tioned anlage IV forming from parental frontoventral row

1) (Eigner 1995; Siqueira-Castro et al. 2009).

Comparison of Chinese population of Deviata rositae
with type population

Our population possesses most of the diagnostic features

described by K€uppers et al. (2007), especially only two

long frontoventral rows as well as one long and one short

dorsal kinety. Compared with our form, the original popula-

tion is smaller (112–154 9 21–28 lm in vivo and

98–154 9 25–56 lm after protargol impregnation vs. 200–
300 9 15–25 lm in vivo and 140–267 9 23–60 lm after

protargol impregnation) and has a little more macronuclear

segments (7–14, 9 on average, vs. 4–8, 6 on average) and

fewer cirri (K€uppers et al. 2007). However, these differ-

ences can be considered as population-dependent, owing

to the variation of body size of limnetic and terrestrial cili-

ates (Foissner et al. 2002).

Some ontogenetic data are lacking; therefore, the exact

origin of the various frontoventral anlagen is not definite.

One middle divider indicates that this species possesses

six frontoventral anlagen like its congeners. The origin of

the short dorsal kinety 2 is unclear.

Systematic positions of genera Deviata and
Perisincirra

Eigner (1995) established Deviata and classified it in the

family Kahliellidae without giving a detailed explanation.

Subsequently, Eigner (1997) reclassified the genus in the

family Oxytrichidae as a supposed ancestor of Oxytrichi-

dae. Nevertheless, Lynn and Small (2002), Jankowski

(2007), K€uppers et al. (2007), and Lynn (2008) took over

the original classification of Deviata in Kahliellidae. Berger

(2011) was uncertain about the phylogenetic position of

Deviata and treated it as a non-dorsomarginalian hypotrich.

Unlike the oxytrichids, Deviata lacks dorsomarginal

kineties and dorsal kinety fragmentation, strongly

Figure 6 A middle divider of Deviata rositae after protargol impregna-

tion (A–D). (A–D) Ventral (A, C) and dorsal (B, D) views of the same

specimen, arrows in A and C show the old dikinetids of dorsal kinety

1, while in B and D indicate the newly formed dikinetids of dorsal kin-

ety 2, double arrowheads indicate the old right marginal cirri, arrow-

heads mark the dividing micronuclei. DKA, dorsal kinety anlagen; Ma,

macronuclear segments; RMA, right marginal row anlage; IV–VI, fron-

toventral anlagen IV–VI; 1–3, left marginal row anlage 1–3. Scale

bars = 40 lm.

Table 2. Sequence similarities between species of the genus Deviata

and Perisincirra

Sequence similarity D.br D.ro D.ba D.pa P.pa

D.br — 0.988 0.983 0.984 0.991

D.ro 0.988 — 0.983 0.990 0.984

D.ba 0.983 0.983 — 0.979 0.989

D.pa 0.984 0.990 0.979 — 0.981

P.pa 0.991 0.984 0.989 0.981 —

D.ba, Devitata bacilliformis; D.br, Deviata brasiliensis; D.pa, Deviata

parabacilliformis; D.ro, Deviata rositae; P.pa, Perisincirra paucicirrata.
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indicating that it does not belong to the dorsomargina-

lian hypotrichs and should not be included in the fam-

ily Oxytrichidae. It is widely accepted that the

kahlidellids retain some parental cirral rows after divi-

sion, which is, however, absent in all known Deviata

species; therefore, the classification of Deviata in the

family Kahliellidae is incorrect (Berger 2011). In the

current phylogenetic analysis, Deviata species cluster

in different clades than Kahliella, the name-bearing

type of the Kahliellidae, which also rejects the inclu-

sion of Deviata in the Kahliellidae.

The phylogenetic analyses based on SSU rRNA genes

show that the four Deviata species have a close relation-

ship with P. paucicirrata, which is consistent with their

morphological similarities: both with the adoral zone of

membranelles and even undulating membranes roughly in

Gonostomum pattern; with more than one cirral rows right

and left of midline; three frontal cirri; buccal, and parabuc-

cal cirrus/cirri present; frontoterminal, postoral ventral, pre-

transverse ventral, and transverse cirri lacking; typical

parental (old) cirral rows absent. However, the former dif-

fers from the later mainly in the much more densely

Figure 7 The Bayesian inference (BI) tree inferred from the small subunit ribosomal RNA (SSU rRNA) gene sequences, showing the position of

Deviata brasiliensis and Deviata rositae (indicated in red). Numbers near branches denote posterior probability value for BI and bootstrap values

for ML. “—” indicates topologies that differ in the ML and BI phylogenies. All branches are drawn to scale. Scale bar corresponds to two substi-

tutions per 100 nucleotide positions. GenBank accession numbers are given for each species.
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spaced cirri and the absence of caudal cirri. According to

Li et al. (2013), P. paucicirrata has four frontoventral anla-

gen, of which the long right and left rows are all marginal

rows; that is, there are no long frontoventral rows (vs.

having six frontoventral anlagen with more than two long

frontoventral rows of Deviata) (Dragesco 2003; Eigner

1995, 1997; K€uppers and Claps 2010; K€uppers et al. 2007;

Siqueira-Castro et al. 2009).

Owing to the lack of retained parental cirral rows, Perisin-

cirra also cannot be classified in the family Kahliellidae, just

the same as Deviata. However, since molecular data are

not available for the type species of Kahliella, Deviata, and

Perisincirra (K. acrobates, D. abbrevescens, and P. kahli),

respectively, any conclusion on a definite familial assign-

ment of these genera would be premature. Due to the low

sequence divergence in this group of ciliates, the SSU rRNA

gene may not be well-suited to infer the true phylogenetic

relationships. Additional molecular data (e.g., multigene of

type species and more other species) and more detailed

ontogenetic information are needed.
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